In this article, the authors analyze the keywords given by authors of scientific articles and the descriptors assigned to the articles to ascertain the presence of the keywords in the descriptors. Six-hundred forty INSPEC (Information Service for Physics, Engineering, and Computing), CAB (Current Agriculture Bibliography) abstracts, ISTA (Information Science and Technology Abstracts), and LISA (Library and Information Science Abstracts) database records were consulted. After detailed comparisons, it was found that keywords provided by authors have an important presence in the database descriptors studied; nearly 25% of all the keywords appeared in exactly the same form as descriptors, with another 21% though normalized, still detected in the descriptors. This means that almost 46% of keywords appear in the descriptors, either as such or after normalization. Elsewhere, three distinct indexing policies appear, one represented by INSPEC and LISA (indexers seem to have freedom to assign the descriptors they deem necessary); another is represented by CAB (no record has fewer than four descriptors and, in general, a large number of descriptors is employed). In contrast, in ISTA, a certain institutional code exists towards economy in indexing because 84% of records contain only four descriptors.
Introduction
Indexing is the procedure applied to the content of documents and the questions to select those concepts that best represent them, and thus facilitate storing and retrieval. The International Association for Standardization (ISO norm 5963; 1985) recommends that during analysis of text documents "special attention be paid" to titles, abstracts, summaries or content tables, introductions, opening paragraphs of chapters or sections, conclusions, illustrations, diagrams, tables and captions, and underlined or highlighted words or sentences.
A keyword(s) is "a word or group of words, possibly in lexicographically standardized form, taken out of a title or of the text of a document characterizing its content and enabling its retrieval" (ISO norm 5963; 1985) .
Although not seeking to be exhaustive, we can point out that research into keywords has dealt with a variety of subject matter:
Retrieval efficiency:
• Gross and Taylor (2005) , on the debate on whether it is necessary to assign subject headings in library catalogs or to use keywords for retrieval, studied what effect keywords have on retrieval if catalogs do not include the field subject heading.
• Taghva, Borsack, Nartker, and Condit (2004) explored the use of manually assigned keywords for query expansion with interactive tools.
• Voorbij (1998) analyzed the value of subject matter descriptors and keywords from titles in subject matter searches.
• Tillotson (1995) investigated the possibilities of OPAC (online public access catalog) interfaces for search by keywords and controlled vocabulary. They also performed several experiments on the relevance of searching by keywords.
Use by authors and editors:
• Hartley and Kostoff (2003) reviewed journals from various disciplines to verify which habitually provided keywords. They also asked 35 editors of scientific journals to explain the advantages and drawbacks of using keywords.
• Gbur and Trumbo (1995) put forward 10 recommendations for choosing suitable keywords for journal articles, along with suggestions for preparing informative titles and useful abstracts both for readers and database producers.
Meta-tag keywords:
• Craven (2004 Craven ( , 2005 studied meta-tag keywords of Web sites for the 19 languages most commonly present on the Web, and determined the effect of Web site edition tools on meta-tag keywords.
• Alimohammadi (2004) calculated the presence of meta-tag keywords in 346 Web sites of Iran.
Automatic extraction:
• The use of different methodologies and algorithms to obtain keywords has been the subject of repeated research in recent decades (Boger, Kuflik, Shoval, & Shapira, 2001; Jones & Paynter, 2002; Lancheng, 2005; Turney, 2000) .
Comparison of keywords in titles, abstracts, and texts with assigned descriptors:
• Ansari (2005) compared the descriptors assigned to 506 doctoral theses from the Department of Indexing of the Iran University Central Library using the keywords from the titles of the theses.
• Gil-Leiva and Rodríguez Muñoz (1997) compared keywords in titles and abstracts from 450 scientific articles from the sciences, social sciences, and medical sciences using the descriptors assigned in three Spanish databases maintained by professional indexers.
With the exception of our own article (Gil-Leiva & Alonso-Arroyo, 2005), we do not know of any other research that deals with the function that keywords provided by authors of scientific articles may or may not perform in professional indexing. The interest in verifying this possible influence is twofold. First, we will gain more knowledge of the intellectual process utilized by indexers; this understanding could then be integrated into methodologies applied in automatic indexing, which uses rules taken from human indexers. Second, authors' keywords could be used as titles, abstracts, and texts for automatic indexing of articles.
In Gil-Leiva and Alonso-Arroyo (2005), we randomly selected 108 scientific journals that were proportionally distributed among Social Sciences and Humanities (36), Science and Technology (36), and Medical and Health Sciences (36) . Ten articles from various years were randomly selected from the 108 publications. Our final working sample was 1,080 articles that fulfilled two conditions: They possessed keywords and they were included in the ISOC, ICYT, and IME 1 databases. We subsequently contrasted the keywords provided by the authors of the articles with the assigned subject matter descriptors.
As we will see later, the results of this study show that the keywords given by the authors of scientific articles are directly or indirectly present in the subject matter descriptors assigned by professional indexers. Nevertheless, we considered that it was necessary to carry out further experiments on international databases to confirm the results obtained.
Thus, the aim of this article is to calculate the direct (exact) presence or the indirect presence (after a minor normalization process) of the keywords given by the authors of scientific articles in the descriptors assigned by professional indexers. For this purpose, we chose the INSPEC (Information Service for Physics, Engineering, and Computing), CAB (Current Agriculture Bibliography), ISTA (Information Science and Technology Abstracts), and LISA (Library and Information Science Abstracts) international databases.
Materials and Methods
This study was carried out using 640 scientific articles that fulfilled two conditions: They possess keywords given by the authors and are indexed in the databases mentioned. The articles belong to disciplines included in four databases: INSPEC (physics, electrical and electronic engineering, computer sciences, etc.), CAB Abstract (agriculture, forestry, veterinary science, nutritional sciences, etc.), ISTA (information science and related disciplines), and LISA (libraries and information science). Appendix A gives the journals and the years used in the study; Appendix B gives the document numbers of the 640 articles used in the study.
A table was drawn up for each of the 32 journals selected with the descriptors assigned to the 640 articles in the INSPEC, CAB, ISTA, and LISA databases and the keywords given by the authors. The tables took the following structure:
Source: Minimum data for article identification, i.e., year, volume number, and first and last pages. Keywords: List of the keywords provided given by the author. Descriptors: List of the descriptors proposed by the indexers of each database; number of keywords given by the author. Number of Kw Used: Number of keywords participating in the comparisons to find the exact coincidences and the normalizations between keywords and descriptors. Number of descriptors: Number of descriptors proposed by the indexers of each database. Coincidences: Number of keywords coinciding exactly with the descriptors. Normalized: Number of keywords that evoke concepts, which also appear as descriptors and have apparently undergone only one normalization process. Total: Sum of the number of coincidences and the number of normalizations. Tables 1, 2 , 3, and 4 show the procedure for gathering and comparing the keywords and descriptors. The author of the article noted in the first row of Table 1 INSPEC database (Graph-colouring; Optimising-compilers; Storage-allocation). It can be observed that the keyword "Graph coloring" also appears as a descriptor, and hence, in the column Coincidence, there is a 1 because no normalization process appears for any of the keywords in the Descriptors, a 0 appears in the column Normalization. Hence, in the last column-the sum of Coincidence and Normalization-there is a 1.
The column Normalization quantifies to what extent one or several keywords proposed by an author evoke a concept later represented by one or more descriptors. We use the word evoke in the sense of reminding or bringing to mind. This may be total or partial, i.e., a keyword by an author may bring to mind a complete concept or just a part, or in other words, a complete descriptor or a part of one. A value of equal to 1 was assigned for a seemingly complete reminder between keyword and descriptor, and 0.5 was assigned when it was partial. Table 5 shows various examples of this and Table 6 gives the data for the journal Library Acquisitions Practice & Theory and the LISA database.
Results and Discussion
Before presenting the results, it should be explained that the 24 journals studied here were reviewed to read the recommendations on keywords in the Instructions to Authors. In general, three to six keywords that cover the main issues dealt with in the article are recommended. One of the journals includes the indication "which should complement the title but not repeat words in it." Appendix C shows the most important of these.
Quantitative Relation Between the Number of Keywords Given by Authors and by Descriptors
According to the data obtained, authors usually respect the guidelines in the Instructions to Authors, as is confirmed in summarized form in Table 7 and in greater detail in Appendix D. As mentioned, three to six words is the recommendation, although some authors include up to 20.
With regard to the descriptors assigned in the various databases, significant variations do appear for several aspects. The total number of descriptors assigned is relatively similar in INSPEC (775), ISTA (646), and LISA (780); however, in contrast 1955 descriptors are assigned in CAB, much more than twice the number assigned in the other databases. The number of descriptors used per article differs likewise, which could be due to different indexing policies. Although the number of entries examined is not high, three apparent models of indexing are discerned. A first model in INSPEC and LISA, which leads to the indexing of 90% of the articles with between 2 and 9 descriptors; a second model, represented by CAB, where no article has fewer than four descriptors assigned to it, there is a compact band that has between 6 and 14, and then a substantial number from 15 up to 35 descriptors (there are 2 articles with 31 and 35, respectively.). Finally, the third model belongs to ISTA, where there seems to be a certain economy in the indexing because of the 160 entries, 135 have only four descriptors assigned to them.
In conclusion, these indexing policies mean that INSPEC, ISTA, and LISA have an average of 4-5 descriptors per article, whereas in CAB the average stands at 12 descriptors. See Appendix D for details.
It is therefore of use to take into account the keywords of the authors both when teaching indexing and in efforts to automate this process. The algorithms used in automatic indexing analyze a structured text partially or completely to propose a list of terms, which represent the content of that text. These algorithms sometimes aim to simulate cognitive processes performed by human indexers, e.g., by giving more or less value to a word according to its position. This is the recommendation of ISO norm 5963/1985 devoted to "Methods for examining documents, determining their subjects, and selecting indexing terms." Simulating intellectual procedures, automatic indexing systems are traditionally based on three sources to identify and value words or sentences, i.e., the titles of papers, the abstracts, and the complete texts.
To the best of our knowledge, a review of the literature on automatic indexing does not reveal cases where keywords from the authors are used as a source. Titles have been dealt with by Kishida (2001) ; abstracts by Hmeidi, Kanaan, and Evens (1997) and Ripplinger and Schmidt (2001) ; and titles and abstracts by Hersh and Hickam (1992) and Silvester, Genuardi, and Klingbiel (1994) . Complete texts have been studied by Gil-Leiva (1999 , 2003 ), Montejo Ráez (2002 , and Ko, Park, and Seo (2004) .
SISA (system Interface search assistance) is an automatic indexing system (Gil-Leiva, 1999 , 2003 that handles titles, abstracts, and complete text to propose indexing terms for the documents analyzed. From the results obtained here, it is our intention to carry out the necessary changes for SISA to be able to take into account keywords by the authors as well. We will thus ascertain if improvements in results arise from the inclusion of this source. Tables 8, 9 , 10, and 11 provide examples that verify the lesser or greater presence of keywords in the descriptors. Table 12 shows the total data for the four databases.
Semantic Relation Between the Number of Keywords Given by Authors and the Descriptors
In Gil-Leiva and Alonso Arroyo (2005) , the data obtained for the three databases studied were as follows: in IME 64.96% of the keywords were present in the descriptors; in ISOC, the figure was 60.48%, and ICYT was 58.18%. In the present study, the results were CAB (60.8%), LISA (42.2%), INSPEC (41.3%), and ISTA (37.89%). Despite the lower percentages, our hypothesis that keywords provided by the authors are an important source for indexing articles is confirmed. percent of all keywords handled in this study appear in exactly the same form as descriptors, whereas another 21% although they have undergone a normalization process, are still detected in the descriptors. This leads to around 46% of the keywords in the four databases appearing in the same or a normalized form as descriptors. These data confirm our results given in an earlier study (Gil-Leiva & Alonso Arroyo, 2005) , which means that keywords provided by authors are a valuable source of information for both human indexing and for automatic indexing systems of journal articles.
Conclusions
Several aspects have come to light in this study. First, there is a vacuum in the literature regarding the role that keywords provided by authors of scientific articles do or do not play in the subsequent indexing of the texts. It has been seen that studies on keywords have dealt mainly with the efficiency of information retrieval, its use by authors and editors, the use of meta-tag keywords or automatic extraction from texts. Second, although the number of entries studied is not large, three indexing policies have been detected: one in which the indexer appears to be free to assign descriptors that he or she deems appropriate (INSPEC and LISA); a second one, represented by CAB, in which, in general, a large number of descriptors is employed (in some cases up to 35); and, finally, a certain type of institutional economy in indexing, with 84% of the entries analyzed having only four descriptors.
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